We report on the realization of a Fermi-Fermi mixture of ultracold atoms that combines mass imbalance, tunability, and collisional stability. In an optically trapped sample of 161 Dy and 40 K, we identify a broad Feshbach resonance centered at a magnetic field of 218 G. In the strongly interacting regime, we demonstrate hydrodynamic behavior in the expansion after release from the trap. Lifetime studies on resonance show that the fermionic nature of the system suppresses inelastic few-body processes by several orders of magnitude. The resonant mixture opens up intriguing perspectives for studies on novel states of strongly correlated fermions with mass imbalance.
We report on the realization of a Fermi-Fermi mixture of ultracold atoms that combines mass imbalance, tunability, and collisional stability. In an optically trapped sample of 161 Dy and 40 K, we identify a broad Feshbach resonance centered at a magnetic field of 218 G. In the strongly interacting regime, we demonstrate hydrodynamic behavior in the expansion after release from the trap. Lifetime studies on resonance show that the fermionic nature of the system suppresses inelastic few-body processes by several orders of magnitude. The resonant mixture opens up intriguing perspectives for studies on novel states of strongly correlated fermions with mass imbalance.
Ultracold Fermi gases with strong interactions have attracted a great deal of attention as precisely controllable model systems for quantum many-body physics [1] [2] [3] [4] . The interest spans across many different fields, from primordial matter, neutron stars and atomic nuclei to condensed-matter systems, and in particular concerning superfluids and superconductors [5] . Corresponding experiments in ultracold Fermi gases require strong s-wave interactions, which can be realized based on Feshbach resonances [6] in two-component systems. The vast majority of experiments in this field relies on spin mixtures of fermionic atomic species, which naturally imposes equal masses. Beyond this well-established situation, theoretical work has predicted fermionic systems with mass imbalance to favor exotic interaction regimes [7] . Massimbalanced systems hold particular promise [8, 9] in view of superfluid states with unconventional pairing mechanisms, most notably the elusive Fulde-Ferrell-LarkinOvchinnikov (FFLO) state [10] [11] [12] .
A key factor for the great success of experiments on strongly interacting Fermi gases is the remarkable collisional stability, which arises from a suppression of inelastic loss processes at large scattering lengths. This famous suppression effect [13, 14] is a result of Pauli exclusion in few-body processes at ultralow energies. To act efficiently in an experiment, the suppression requires a broad Feshbach resonance with a sufficiently large universal range [14, 15] . For the mass-balanced case, suitable resonances exist in spin mixtures of 6 Li or 40 K, and such systems are used in many laboratories worldwide. In a massimbalanced fermion system, the same suppression effect can be expected [16] . However, the only tunable FermiFermi system realized so far is the mixture of 6 Li and 40 K [17, 18] , for which the Feshbach resonances [19] [20] [21] are too narrow to enable strong loss suppression [22] .
The advent of submerged-shell lanthanide atoms in the field of ultracold quantum gases [23] [24] [25] [26] has considerably enhanced the experimental possibilities. While most of the current work focuses on interactions that result from the large magnetic dipole moment or the complex optical transition structure, the availability of additional fermionic atoms is of great interest in view of novel ultracold mixtures and strongly interacting systems [27, 28] . We have recently introduced the mixture of 161 Dy and 40 K [29, 30] as a candidate for realizing a collisionally stable, strongly interacting Fermi-Fermi mixture. Many narrow Feshbach resonances can be expected for such a system as a result of anisotropic interactions [31, 32] . However, for experiments on Fermi gases in the strongly interacting regime the "all or nothing" question remains, whether at all broad enough resonances exist. In this Letter, we give a positive answer (see Fig. 1 ) and report on first experiments in the strongly interacting regime.
The starting point of our experiments is a degenerate mixture of 161 Dy and 40 K, prepared in crossed-beam optical dipole trap according to the procedures described in our earlier work [30] . Both species are in their lowest hyperfine and Zeeman substates, which eliminates twobody losses. After evaporative cooling at a low magnetic field of 225 mG, we transfer the system into the highfield region above 200 G. In the corresponding procedure [33] , we take care to minimize unwanted loss and heating effects, as caused by many Dy intraspecies [34, 35] and Dy-K interspecies resonances. At high magnetic fields, we reach typical conditions of N Dy = 22 000 and N K = 6 000 atoms [36] in a trap with mean (geometrically averaged) oscillation frequencies ofω Dy /2π = 110 Hz and ω K /2π = 400 Hz [37] . This corresponds to Fermi temperatures of T [38] . The particular conditions for our different measurements vary. Details on the relevant procedures and parameter values are summarized in [33] .
We have found a broad Feshbach resonance centered at 218 G. As described in detail in [33] , we characterized the resonance by measurements of interspecies thermalization in a wide range of magnetic fields. The resonance represents the broadest one in a scenario that is dominated by three overlapping resonances, with the other two found at 199 G and 253 G. Some very narrow (few mG wide) interspecies resonances do also exist in the relevant region, but they neither play a role for understanding the broad resonance scenario nor for the experiments carried out in this work. Close to the center of the broadest resonance, the tunability of the interspecies s-wave scattering length can be well approximated by
where a 0 is Bohr's radius. Our best knowledge of the pole position and the strength parameter is B 0 = 218.00 (8) G (see below) and A = 1200(220) G [33] .
To characterize the regime of strong interactions, we consider the condition |a| > 1/k Dy F , with the typical value 1/k Dy F = 1400 a 0 for the inverse Fermi wavenumber of the Dy cloud, which is denser than the K component (1/k K F = 1900 a 0 ). The corresponding range, illustrated by the shaded region in Fig. 1 , is found to be 1.7 G wide. From the experimental point of view, such a width is very convenient for controlled interaction tuning. From a more fundamental point of view, the resonance is likely to support a large universal range with entrance-channel dominated behavior [6] , provided that the yet unknown differential magnetic moment is not too small [33] .
A striking effect of resonant interactions can be observed in the expansion of the mixture after release from the trap. The absorption images in the upper row of Fig. 2 show the case of weak interactions, realized at B = 203.8 G, near a zero crossing of the scattering length. Here the expansion takes place in a ballistic way and, as expected from the mass ratio, the K component expands much faster than the Dy component. In contrast, in the resonant case (images in the lower row in Fig. 2 ) both components expand essentially in the same way. Evidently, the interaction between the two species slows down the expansion of the lighter species and accelerates the expansion of the heavier species. Such a behavior requires many elastic collisions on the timescale of the expansion and thus can be interpreted as a signature of hydrodynamic behavior. The hydrodynamic expansion of a strongly interacting Fermi-Fermi system was already studied in our earlier work on a resonant 6 Li-40 K mixture [17] . There we observed the joint expansion of the two components along with changes in the mixture's aspect ratio. The latter effect was not studied in the present work, because the geometry of the set up did not allow for its clear observation. We note that hydrodynamic behavior may also result from superfluidity, but in our temperature regime we attribute the observed behavior fully to collisional hydrodynamics.
The sensitivity of the hydrodynamic expansion to the magnitude of the collisional cross section can be utilized for an accurate determination of the position of the resonance pole, as has been demonstrated for the 40 K spin mixture in [39] . We prepared the Dy-K mixture at a magnetic field of 219.4 G, where the scattering length is large and negative (a ≈ −860 a 0 ). Holding the mixture for 30 ms at this field ensured that full thermal equilibrium was reached. At this side of the resonance, the system does not support a weakly bound state and thus avoids molecule formation. A fast ramp of 18 ms was applied to transfer the system to the target field between 216 and 220 G. Finally, the mixture was released from the trap and absorption images were taken after 3.5 ms of free expansion. In Figure 3 we show the size of the K component as a function of the magnetic field. A clear minimum marks the point of largest elastic collision rate, which corresponds to the pole of the resonance. The observed behavior is well fitted by a Lorentzian curve, which yields the pole position B 0 = 218.00(8) G. The given uncertainty (1 standard deviation) includes the fit error (55 mG), an estimate for fit-model-dependent uncertainty (50 mG), and the uncertainty of the magnetic field calibration (20 mG). It is interesting to note that the region where hydrodynamic behavior is observed coincides with the strongly interacting regime, the range of which is illustrated in Fig. 1 . This is reminiscent of the typical behavior observed in spin mixtures; see e.g. [40] .
We now turn our attention to inelastic processes and related losses in the resonance region around 218 G. Figure 4 shows the results of a loss scan, in which the remaining atom numbers were measured after holding the mixture for 300 ms at a variable magnetic field. The behavior of both species reveals a rather broad interspecies loss feature, centered about 1 G below the resonance, while the loss is essentially absent on resonance. This observation closely resembles previous observations in spin mixtures of 6 Li [41-43] and 40 K [39] . In those systems, the feature provides a signature of three-body recombination populating the weakly bound molecular state that underlies the broad Feshbach resonance. The loss feature is located at a magnetic detuning small enough to provide fast three-body recombination into the shallow dimer state, but large enough for the dimer binding energy to reach the trap depth. In our system, we estimate a ≈ +1000 a 0 at the center of the loss feature. Here, the comparison of binding energy E b = 2 /(2m r a 2 ) ≈ k B × 3 µK (reduced mass m r ) with the trap depth of about 3 µK for Dy shows that our loss feature appears right in this regime. We note that the loss spectra also reveal indications of a few narrow interspecies resonances. We attribute losses observed at 217.7, 218.7, and 219.3 G to such resonances. We now consider the stability of the mixture right on top of the 218-G resonance, where the s-wave scattering length diverges and the interspecies interaction is in the unitarity limit [1] [2] [3] [4] . The data points in Fig. 5 show the observed decay of initially 23 000 Dy atoms (blue filled circles) mixed with about 8 times less K atoms (red filled triangles). The decay curves are fitted (solid lines) and analyzed following the models detailed in [33] . For the K component we observe an initial decay time of τ K = 2.2 s. If we attribute this loss completely to K-Dy-Dy or K-KDy three-body collisions, we can derive upper bounds of 1.3 × 10 −27 cm 6 /s or 2.5 × 10 −27 cm 6 /s, respectively, for the corresponding event rate coefficients.
These values are exceptionally small for a resonant three-body system. The remarkable collisional stability is highlighted by comparing our results with the markedly different behavior observed for three-body recombination in Feshbach-resonant Bose-Bose [44] [45] [46] or BoseFermi mixtures [47] [48] [49] [50] [51] . In such mixtures, the threebody system of two heavy bosons and a light atom (boson or fermion) has attracted particular attention because of the possible formation of Efimov states [52] [53] [54] , and several experiments have measured rate coefficients near broad interspecies Feshbach resonances. All the corresponding results for event rate coefficients range from about 10 10 −21 cm 6 /s [50] , only limited by the finite collision energy [55] . Also in Dy-K mixtures, a change of the Dy isotope from fermions to bosons ( 162 Dy) leads to a dramatic increase of resonant three-body losses by about four orders of magnitude [56] . The essential difference in three-body physics of such systems and Fermi-Fermi mixtures is the quantum statistics of the two identical particles involved in a recombination event. We can therefore attribute the enormous difference in rate coefficients of several orders of magnitude to the Pauli suppression of inelastic processes in Fermi-Fermi systems.
While inelastic few-body processes involving both species can explain the slow decay of the K component, they cannot provide an explanation for the faster decay of the Dy component, for which our measurements (blue filled circles in Fig. 5) show an initial decay time of τ Dy = 0.25 s. The decay curves show that about 80 times more Dy atoms are lost per unit time than K atoms. This experimental fact rules out interspecies three-body collisions as the main mechanism and suggests a decay intrinsic to Dy. For comparison, we have studied the decay in a pure Dy sample, with similar initial conditions as for Dy in the mixture before. In Fig. 5 , the observed evolution of the atom number (black open squares) is shown together with a fit curve. The observed behavior confirms the presence of pure Dy three-body decay, but the decay is much slower than in the mixture (τ Dy = 1.0 s). Apparently, K substantially enhances the decay of Dy without participating in the underlying three-body process.
A plausible explanation for this peculiar behavior is a contraction of the mixture induced by the strong attractive interaction on resonance. This increases the number density of Dy and speeds up the decay. This hypothesis is supported by an analysis of further decay curves with different number ratios N K /N Dy together with a model calculation for the attraction-induced density increase [33] . We thus interpret the enhanced Dy decay as a manifestation of strong interactions in the mixture.
The intrinsic decay of Dy appears to be the limiting factor for the overall collisional stability of the mixture and requires further investigation. The decay may be attributed to the extremely high density of ultra-narrow Dy Feshbach resonances, as has been observed at lower magnetic fields [34] . Unresolved at higher magnetic fields for fundamental or technical reasons, such resonances lead to a fluctuating background of losses [35] . In preliminary experiments, we indeed observed such a Dy background behavior and found that losses in the region of interest near 218 G are relatively weak as compared to other "bad" regions.
Already our present experimental conditions of moderate quantum degeneracy (T /T Dy F ≈ 0.4) are very interesting for experiments, e.g., regarding collisional hydrodynamics, the equation of state of the normal phase, or molecule formation. Beyond that, conditions for superfluid regimes seem to be within reach. A Lifshitz point [8, 57] in the phase diagram, where zero momentum pairs become unstable, may be expected at a temperature corresponding to about 15% of the Fermi temperature of the heavy species [58] . We have already achieved temperatures below that by evaporative cooling at a low magnetic field [30] , and the present challenge is to realize similar conditions near the 218-G resonance. Work is in progress to eliminate heating in the transfer from low to high magnetic fields and to implement an additional evaporative cooling stage that takes advantage of the large elastic scattering cross section close to the resonance.
Preparation and detection methods for molecules, molecular condensates, fermionic pair condensates, and exotic superfluids will presumably require the application of advanced magnetic ramping techniques [59] [60] [61] . In this regard, it will be important to understand the possible effects of ultranarrow interspecies and intraspecies Feshbach resonances. At present, we have some indications of their existence in the region of interest, but no detailed knowledge of their spectrum, properties, and implications. Special ramp protocols may have to be developed to minimize unwanted effects caused by such resonances.
In conclusion, we have shown that the 161 Dy-40 K mixture posseses a broad Feshbach resonance with very favorable conditions for experiments on strongly interacting fermion systems with mass imbalance. In particular, the system features a dramatic suppression of inelastic losses near resonance, which is a key requirement for many experiments. Novel interaction regimes, including unconventional superfluid phases, seem to be in reach.
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